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In Brief
B. subtilis is a symbiont that resides in the
gut of C. elegans and generates nitric
oxide that is essential for the host. Xiao
et al. demonstrate that nitric oxide
promotes defense against pathogenic
bacteria by activating p38 MAPK,
demonstrating the importance of
commensal bacteria in host immunity.
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DESUMMARY
Many commensal bacteria in the gut are beneficial to
the host immune system, but the underlying mecha-
nisms are largely unclear. Using culture-independent
Illumina MiSeq sequencing of the bacterial 16S rRNA
gene amplicons, we show that bacterial diversity in
the intestine of Caenorhabditis elegans, the free-
living nematode, is distinct from that in soil. Of these
bacteria, Bacillus subtilis is the most prominent spe-
cies in the worm gut. We demonstrate that B. subtilis
confers worm resistance to infection by pathogenic
bacteria, such as Pseudomonas aeruginosa, Salmo-
nella enterica, and Enterococcus faecalis, by pro-
ducing nitric oxide (NO). Deletion of the nos gene,
which encodes an NO synthase, reduces the protec-
tive effect. NO promotes innate immune responses
to P. aeruginosa PA14 by activating a conserved
p38 mitogen protein kinase (MAPK) in C. elegans.
Our work provides an example of antagonism of
commensal bacteria against pathogens and illus-
trates the importance of commensal bacteria in
host immunity. ET
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AINTRODUCTION
In the natural environment, animals and plants are intimately
connected to microbes. In mammals, microorganisms mainly
reside on mucosal surfaces, especially the intestinal mucosa.
The gut microbiota has a profound impact in the fitness of the
host by influencing metabolism, development, immunity, and
lifespan. For example, gut commensal bacteria provide nutri-
ents, such as vitamins, for the host by decomposing the ingested
food inside the intestine (Nicholson et al., 2012). Large shifts in
microbial communities can lead to nutrition-related syndromes
such as obesity and type 2 diabetes (Cani et al., 2013). Further-
more, Probiotics exert these beneficial effects on mammalian
immune systems by regulating key signaling pathways, including
NF-kB, p38, and ERK1/2 mitogen protein kinases (MAPKs) (Oh-
land and Macnaughton, 2010; Thomas and Versalovic, 2010).
RCell RThe intestine of free-living nematode Caenorhabditis elegans,
which consists of 20 epithelial cells, is typically full of microbes
(Fe´lix and Duveau, 2012). Thus, the genetically tractable model
animal provides a useful tool to study the mechanism of host-
microbe interactions (Cabreiro and Gems, 2013). Worms fed
Bacillus subtilis live longer than those fed Escherichia coli strain
OP50, the standard laboratory food (Garsin et al., 2003; Gusarov
et al., 2013). The life-history traits such as development, repro-
duction, and lifespan are altered in C. elegans fed Comamonas
DA1877 relative to those fed E. coli OP50 (MacNeil et al.,
2013). Accumulating evidence indicates that probiotic bacteria
also influence the immune system in C. elegans. For instance,
worms fed lactic-acid-producing bacteria are more resistant to
Salmonella enterica than those fed OP50 (Ikeda et al., 2007).
Furthermore, Pseudomonas mendocina enhances innate im-
mune responses to Gram-negative pathogens in C. elegans
(Montalvo-Katz et al., 2013). Meanwhile,B. subtilisGS67 confers
resistance to the Gram-positive pathogens in C. elegans (Iat-
senko et al., 2014).
Although it has been reported that the intestinal lumen of
wildC. elegans often harbors a live bacterial flora, the community
of the gut microbes remains largely unknown. Using bacterial
cultures, a previous study identified 17 bacterial species from
the intestine of C. elegans, including those in Bacillus, Paeniba-
cillus, and Lysinibacillus genera (Montalvo-Katz et al., 2013).
In this study, we determined the community of gut bacteria
in C. elegans by culture-independent Illumina MiSeq of
the bacterial 16S rRNA gene. The most prominent bacterium
was B. subtilis. Furthermore, nitric oxide (NO) released from
B. subtilis promoted resistance of C. elegans to the pathogen
Pseudomonas aeruginosa PA14 by activating the p38 MAPK
pathway.
C
TRESULTS
The Structure of Gut Bacteria in C. elegans
To investigate the microbial community in the intestine of
C. elegans, we collected soil samples at five different sites
(designated AO, PO, VF, GG, and FK). These sites are represen-
tative of the habitats ofC. elegans (Kiontke et al., 2011). Four soil
samples were collected at the each site (designated AO1-4,
PO1-4, VF1-4, GG1-4, and FK1-4). We added sterile L1 larvaeeports 14, 1301–1307, February 16, 2016 ª2016 The Authors 1301
Figure 1. Clustering Analysis of All Samples
Based on Bacterial Community Structure
Similarities from Worm Gut and Soil
(A) A principal-component analysis (PCA) plot
based on the relative abundance of OTUs. Each
symbol represents a sample.
(B) Heatmap of the relative abundances of 35
genera (the 27most abundant genera in soils and 8
in the intestines of worms). The relative abundance
of each genus was normalized to a mean of 0 and
standard deviation of 1 (Z score normalization) and
is represented by the color intensity of each cell
(blue, low abundance; red, high abundance). Hi-
erarchical cluster analysis of genera (left) is based
on the correlation distance with average linkage.
See also Tables S1 and S2.ED
expressing lip1-1p::GFP to these 20 soil samples from five
different sites enriched with rotting fruits or cabbage (designated
AOCE1-4, POCE1-4, VFCE1-4, GGCE1-4, and FKCE1-4). These
worms were cultivated for 3–4 days until they matured into adult
worms. Both worms expressing lip1-1p::GFP and natural worms
were observed in soil samples (Figure S1A). Furthermore, the
worms expressing lip1-1p::GFP were observed to harbor live
bacteria in their intestinal lumen, detected by transmission
electron microscopy (Figure S1B). We then extracted DNA of
these 20 worm and soil samples for analysis of a variable region
(V4) of the bacterial 16S rRNA genes. We obtained a dataset
consisting of 332,308 high-quality 16S rRNA gene sequences
with an average of 16,615 sequences per sample of soil. From
the dataset, we identified a total of 219 operational taxonomic
units (OTUs) based on the conventional criterion of 97%
sequence similarity (equal to species level), with 37 OUTs at
site AO1-4, 45 OTUs at site PO1-4, 48 OTUs at site VF1-4, 46
OTUs at site GG1-4, and 43 OTUs at site FK1-4 (Table S1).
Proteobacteria was the most abundant phylum with an average
of 62.8% of total bacteria (Table S2). The remaining bacterial
phyla were Acidobacteria (10.0%), Bacteroidetes (6.6%), Gem-
matimonadetes (3.8%), Planctomycetes (3.5%), Actinobacteria
(3.2%), Firmicutes (2.9%), and Verrucomicrobia (2.3%). Mean-
while, we obtained a dataset with an average of 25,456 se-
quences per sample of worm. From the dataset, we identified
an average of 17 OTUs at site AOCE1-4, 16 OTUs at
site POCE1-4, 14 OTUs at site VFCE1-4, 17 OTUs at site
GGCE1-4, and 21 OTUs at site FKCE1-4 (Table S1). Proteobac-
teria and Firmicuteswere themost abundant phyla, with average
percentages of 54.6% and 43.9%, respectively (Table S2).
We compared the bacterial communities using principal-
component analysis (PCA) (Figure 1A). The samples from all
groups of worms clustered together, regardless of in which soil
theymatured. In contrast, bacterial communities in different soils
formed distinct clusters, indicating that the soils from these five
sites had distinct microbial communities. The relative abun-
dances of the 27 and 8 most abundant genera in soil and
worm samples are displayed as a heatmap in Figure 1B.
Compared with the soil samples, worms contained significantly
higher levels of Bacillus, Acetobacter, Arcobacter, Clostridium,
Leuconostoc, Sporolactobacillus, Lactobacillus, and Weissella
at the genus level (p < 0.05). Significantly, the relative abundance
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higher than that in soils. Taken together, these results suggest
that there exists a core microbiota in the intestine of worms.
NO Generated by Gut-Residing Bacterium Bacillus
subtilis Enhances Immunity in C. elegans
To isolate B. subtilis strains from worms, adult worms were
ground up. The homogenate was diluted with sterile water and
spread over Luria-Bertani (LB) agar plates. After 2 days of incu-
bation, a variety of bacterial colonies appeared, and 30 colonies
(named CD1 to CD30) were picked randomly. 16S rRNA analysis
clustered these isolates into nine genera (Table S3). Of these iso-
lates, five were B. subtilis (Named CD1, CD2, CD11, CD18, and
CD19). Using B. subtilis CD2 expressing red fluorescence pro-
tein (RFP), we found thatB. subtilisCD2 could colonize the intes-
tine of worms grown on LB agar (Figure S1C). It has been shown
that B. subtilis extends the lifespan of C. elegans by producing
NO (Gusarov et al., 2013). B. subtilis cannot produce NO on reg-
ular nematode growth medium (NGM), which is associated with
formation of spores. However, addition of glucose and arginine
to the NGMmedium can inhibit formation of spores and promote
NO production. To confirm this point, B. subtilis CD2 was
cultured on NGM agar in the presence or absence of glucose
and arginine. We found that B. subtilis CD2 accumulated in the
intestine of worms grown on NGM agar in the presence or
absence of glucose and arginine (Figure S1C). Next, we detected
NO production using CX3553 worms carrying str-1p::GFP, an in-
dicator of NO (Gusarov et al., 2013). An increase in str-1p::GFP
fluorescence in the AWB neurons of worms pre-exposed to
B. subtilis CD2 was observed on NGM agar supplemented with
glucose and arginine, but not on regular NGM agar (Figure 2A),
compared to pre-incubation with E. coli OP50. Meanwhile,
B. subtilis CD2 could produce NO in C. elegans grown on LB
agar (Figure S1D). Finally, deletion of the nos gene (Figure S2),
which encodes a NO synthase in B. subtilis, inhibited the in-
crease in the str-1p::GFP fluorescence in worms. Similarly,
Bacillus licheniformis, B. amyloliquefaciens, and B. alcalophilus
also produced NO (Table S3).
Pre-incubation with B. subtilis CD2 resulted in a significant in-
crease in the survival of worms exposed to P. aeruginosa PA14,
compared to pre-incubation with E. coli OP50 (Figure 2B). Dele-
tion of nos significantly suppressed the ability of B. subtilis CD2
C
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Figure 2. Bacteria-Derived NO Confers
Worm Resistance to P. aeruginosa PA14
(A) sGS activation by NO in C. elegans. Represen-
tative fluorescent images (left) and quantification
of fluorescence intensity (right) of CX3553 (str-
1p::GFP) worms. Worms were fed WT or Dnos
strains ofB. subtilisCD2,E. coliOP50, orOP50 plus
MAHMA (NO) in NGM agar supplemented with
glucose and arginine (NGMag), or WT B. subtilis in
regular NGM. These results are mean ± SD of three
independent experiments performed in triplicate.
*p < 0.05 versus OP50 (one-way ANOVA followed
by a Student-Newman-Keuls test).
(B) N2 worms pre-incubated with B. subtilis CD2
were more resistant to P. aeruginosa PA14 than
those pre-incubated with E. coli OP50. p < 0.05
versus OP50 (log-rank test).
(C) Deletion of nos significantly diminished the
protective effect ofB. subtilis conferring resistance
to P. aeruginosa PA14 in worms. Addition of
MAHMA in Dnos strain of B. subtilis restored the
protective effect. p < 0.05 versus Dnos strain (log-
rank test).
(D) MAHMA promoted worm resistance to PA14.
p < 0.05 versus OP50 alone (log-rank test).C
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Dto protect worms from P. aeruginosa PA14 infection (Figure 2C).
However, the addition of a NO donor (MAHMA) (1 mM) was
sufficient to rescue the immune-deficient phenotype of worms
pre-incubated with the Dnos strain, which was accompanied
by increased fluorescence of str-1p::GFP (Figure 2A). Finally,
MAHMA also enhanced the resistance to PA14 infection in
worms pre-incubated with E. coli OP50 (Figure 2D). These re-
sults suggest that NO from B. subtilis promotes innate immune
responses to P. aeruginosa PA14 infection in C. elegans.
Bacterial NO Enhances Immunity via the p38 MAPK
Pathway
C. elegans responds to pathogenic bacteria with innate immu-
nity, which is based on several signaling pathways, such as
p38 MAPK/PMK-1 (Kim et al., 2002), DAF-2/DAF-16 (Garsin
et al., 2003), ERK MAPK/MPK-1 (Nicholas and Hodgkin, 2004),
HSF-1 (Singh and Aballay, 2006), FSHR-1 (Powell et al., 2009),
protein kinase D/DKF-2 (Ren et al., 2009), and EGL-30 (Kawli
et al., 2010). We found that the wild-type (WT) strain of
B. subtilis CD2 failed to enhance resistance to P. aeruginosa
PA14 infection in pmk-1(km25) mutants, compared to WT
worms (Figures 3A and 3B). In contrast, the survival rates
of daf-2(e1370), daf-16(mu86), mpk-1(n2521), hsf-1(sy441),
fshr-1(ok778), dkf-2(ok1704), and egl-30(n686) mutants pre-
incubated with the WT strain of B. subtilis CD2 were higher
than those pre-incubated with the Dnos mutant strain after
P. aeruginosa PA14 infection (Figure 3C–3I). Furthermore,
MAHMA promoted resistance to P. aeruginosa PA14 in
daf-2(e1370), daf-16(mu86), mpk-1(n2521), hsf-1(sy441), fshr-
1(ok778), dkf-2(ok1704), and egl-30(n686) mutants, but not in
pmk-1(km25) worms (Figures S3A–S3I).
The core components of the p38 MAPK signaling are the
MAPK kinase kinase NSY-1, the MAPK kinase SEK-1, and the
R
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1(ag3) and sek-1(ag1) mutants pre-incubated with the WT strain
of B. subtilis CD2 were comparable to those with the Dnos
mutant strain (Figures 3J and 3K). Moreover, MAHMA could
not confer resistance to PA14 infection in nsy-1(ag3) and sek-
1(ag1) mutants (Figures S3J and S3K). These results suggest
that bacterial NO acts on the p38 MAPK signaling to enhance
innate immunity in C. elegans.
The p38 pathway has been shown to be important for worm
survival during infection with two other pathogenic bacteria
S. enterica (Aballay et al., 2003) and Enterococcus faecalis (Ho-
even et al., 2011). We found that pre-incubation with B. subtilis
CD2 significantly promoted the survival of worms exposed to
S. enterica SL1344 and E. faecalis ATCC 29212 (Figures S4A
and S4B). These results suggest that NO from B. subtilis pro-
motes immune responses to bacteria pathogens via the p38
MAPK pathway in general.
Bacterial NO Activates p38 MAPK in C. elegans
To detect whether bacterial NO affected the activity of PMK-1,
we determined whether p38 MAPK was phosphorylated, a
signature of its activation (Ren et al., 2009; Sun et al., 2011).
Consistent with a recent observation (Ren and Ambros, 2015),
we found that P. aeruginosa PA14 infection did not increase
phosphorylation levels of p38 MAPK in worms (Figure 4A). In
contrast, worms pre-incubated with the WT strain of B. subtilis
CD2 exhibited higher phosphorylation levels of p38 MAPK than
worms grown on E. coli OP50. In contrast, the Dnos strain failed
to upregulate the phosphorylation levels of p38 MAPK. As ex-
pected, MAHMA significantly increased the phosphorylation
levels of p38 MAPK in C. elegans (Figure 4A). Next, we deter-
mined the effect of NO on the expression of two PMK-1-targeted
genes, F08G5.6 and nlp-29, in C. elegans (Troemel et al., 2006).eports 14, 1301–1307, February 16, 2016 ª2016 The Authors 1303
Figure 3. p38 MAPK Is Required for
B. subtilis-Mediated Resistance to
P. aeruginosa
(A–I) PMK-1/p38 MAPK is involved in B. subtilis-
mediated innate immunity. B. subtilis CD2 (BS)
enhanced resistance to P. aeruginosa PA14 in WT
(N2) (A), daf-2(e1370) (C), daf-16(mu86) (D), mpk-
1(n2521) (E), hsf-1(sy441) (F), fshr-1(ok778) (G),
dkf-2(ok1704) (H), and egl-30(n686)mutants (I), but
not in pmk-1(km25) mutants (B). *p < 0.05 versus
worms + BS (log-rank test).
(J and K) Mutations in the components of the p38
MAPK pathway suppressed B. subtilis CD2-
mediated resistance of worms to PA14. (J) nsy-
1(ag3); (K) sek-1(ag1).
See also Figure S3.
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F08G5.6 and nlp-29 was markedly increased by pre-incubation
of WT B. subtilis CD2, compared with OP50 (Figure 4B). How-
ever,B. subtilisCD2 orMAHMA failed to upregulate their expres-
sion in the pmk-1(km25) worms. Similar results were obtained
from worms treated by MAHMA (Figure S5). Next, we detected
the expression of F08G5.6 and nlp-29 using the transgenic
worms expressing F08G5.6p::GFP and nlp-29p::GFP, respec-
tively. We observed that pre-incubation of the WT strain of
B. subtilis CD2 led to an increase in both F08G5.6p::GFP and
nlp-29p::GFP fluorescence in worms subjected to empty vector,
but not in worms subjected to pmk-1 RNAi (Figures 4C and 4D).
Similar results were obtained from worms treated with MAHMA.
Taken together, these results demonstrate that bacterial NO ac-
tivates the p38 MAPK pathway in C. elegans.
DISCUSSION
For nematodes, live bacteria are either the food source or the
commensal gut flora in nature (Larsen and Clarke, 2002). In the
laboratory, C. elegans may be cultured exclusively with E. coli
OP50 as a food source. However, in the natural environment,
C. elegans is not likely to encounter E. coli; rather, it lives pre-
dominantly on a variety of bacteria that grow on decomposing
R
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Neil et al., 2013). Using 16S rRNA gene
sequence analysis, we show that Firmi-
cutes and Proteobacteria are dominant
phyla, and Bacillus is the most abundant
genus in the intestine of worms in nature.
Our results support the hypothesis that
C. elegans normally consumes Bacilli in
soil (MacNeil et al., 2013). In the current
study, one intriguing observation is a
strong clustering of sequences from
worm samples obtained from different
soil sites. These findings implicate that a
core microbiota probably exists in the in-
testine of C. elegans. Meanwhile, bacte-
rial diversity in theworm gut ismuch lower
than that in soil. It has been shown that
nematodes are capable of avoiding pathogenic bacteria and
foraging for non-toxic, high-quality bacterial food to support their
growth and reproduction (Shtonda and Avery, 2006). Thus, most
of soil bacteria are excluded from the worm body. When worms
consume soil bacteria, many of these bacteria are digested and
become worm food. Others are not digested but instead might
become permanent microbes in the worm intestine. In addition,
a small number of bacteria such as spores may be transient
members of the gut microbiome.
Probiotic bacteria in the gut play an important role in mamma-
lian immune responses, such as enhancing mucosal integrity,
inhibiting the growth of pathogens, modulating T lymphocyte
populations, and promoting antibody secretion (Ohland andMac-
naughton, 2010; Thomas and Versalovic, 2010). In C. elegans,
probiotic bacteria also modulate the host defense responses to
bacterial pathogens (Iatsenko et al., 2014; Ikeda et al., 2007;
Kim andMylonakis, 2012; Montalvo-Katz et al., 2013). Our results
demonstrate that B. subtilis CD2 enhances worm resistance to
bacterial pathogens by producing NO. However, two previous
studies have indicated that B. subtilis ATCC 6633 and B. subtilis
GS67 do not alter innate immune responses to P. aeruginosa
infection (Iatsenko et al., 2014; Kim and Mylonakis, 2012). The
fact thatB. subtilis forms spores,which aremetabolically dormant
and do not produce NO, on regular NGM agar (Gusarov et al.,
Figure 4. B. subtilis Activates the p38 MAPK Signaling through Production of NO
(A) The phosphorylation of p38 MAPK was elevated in WT worms (N2) exposed to the WT B. subtilis CD2 (BS) and MAHMA (NO), but not to Dnos B. subtilis and
P. aeruginosa PA14 for 12 hr. The right panel shows quantification of phosphorylated p38 MAPK levels. These results are mean ± SD of three independent
experiments performed in triplicate. *p < 0.05 versus E. coli OP50 (one-way ANOVA followed by a Student-Newman-Keuls test).
(B) The mRNA levels of two p38 MAPK targets F08G5.6 and nlp-29 in worms exposed to B. subtilis CD2. These results are mean ± SD of three independent
experiments performed in triplicate. *p < 0.05 versus N2+BS (one-way ANOVA followed by a Student-Newman-Keuls test).
(C andD) Expression of F08G5.6p::GFP (C) and nlp-29p::GFP (D) was upregulated inWTworms, but not in worms subjected to pmk-1RNAi, exposed toB. subtilis
CD2 or pre-incubated with MAHMA. Representative GFP fluorescent images (top) and fluorescence intensity quantification (bottom). These results are
mean ± SD of three independent experiments performed in triplicate. *p < 0.05 versus OP50 (one-way ANOVA followed by a Student-Newman-Keuls test).
See also Figure S5.
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enhance the resistance of worms to P. aeruginosa on regular
NGM agar plates. Indeed, it has been shown that Bacillus mega-
terium extends the lifespan of worms only on LBmedium, but not
on regular NGM medium (Montalvo-Katz et al., 2013).
Our study demonstrates that B. subtilis confers resistance to
P. aeruginosa PA14 via the p38 MAPK pathway, which is acti-
vated by NO. The p38 MAPK pathway is identified by screening
seven pathways that are required for innate immune responses
to P. aeruginosa infection. A recent study has revealed that
colistin, a last-resort antibiotic, protects worms against infec-
tions by the Gram-negative pathogens P. aeruginosa and Yersi-
nia pestis, but not by the Gram-positive pathogens E. faecalis
and Staphylococcus aureus (Cai et al., 2014). Importantly,
colistin itself is also capable of activating the p38 MAPK
pathway. Increased phosphorylation of p38 MAPK by a NO
donor, DPTA-NO, has been reported in the human U937 myelo-
monocytic cell line (Thomas et al., 2008). Clearly, the mechanism
R
ECell Rof NO-mediated p38 MAPK activation needs to be investigated
further.
It should be noted that, unlike other positive regulators of
innate immunity in C. elegans, daf-16(mu86) mutants were not
significantly more susceptible than WT worms to P. aeruginosa
PA14 infection. These results are consistent with several previ-
ous observations (Alper et al., 2010; Garsin et al., 2003; Troemel
et al., 2006). However, overexpression of daf-16 confers worms’
resistance to P. aeruginosa PA14 infection (Singh and Aballay,
2006). One possibility is that DAF-16 is in an inactive state in
WT worms during PA14 infection. Meanwhile, we found that
NO also promoted innate immune responses to P. aeruginosa
PA14 infection in daf-2(e1370) worms, in which DAF-16 was
activated. These results suggest that DAF-16 is not involved in
NO-mediated innate immunity in C. elegans.
NO is an important signaling mediator of immune and inflam-
matory responses (Coleman, 2001). For instance, NO is involved
in the eradication of bacteria, parasites, and viruses, thuseports 14, 1301–1307, February 16, 2016 ª2016 The Authors 1305
exerting immunoprotective activities (Lowenstein and Padalko,
2004). Unlike almost all eukaryotes, C. elegans cannot produce
NO due to the lack of NO synthases (Gusarov et al., 2013). How-
ever, C. elegans uses NO acquired from its gut probiotics to
induce an immune response. Thus, our findings provide insights
into mechanisms of host-microbe interactions that confer dra-
matic effects on host survival in the presence of pathogenic
bacteria.
EXPERIMENTAL PROCEDURES
Soils Used
We selected five different sites and collected four different soil samples at each
site. Experiment 1 used soil from an apple orchard (AO), including rotting ap-
ples; experiment 2 used soil from a pear orchard (PO), including rotting pears;
and experiment 3 used soil from a vegetable farm (VF), including rotting cab-
bage. We also collected regular soils from a ginkgo garden (GG) and a local
forest knoll (FK). It has been shown that regular soils are not able to support
worm development (Montalvo-Katz et al., 2013). Thus, supplementation with
rotting fruit is necessary. Experiment 4 used soil from a GG supplemented
with diced apples left to rot in the soil for 10 days; experiment 5 used soil
from a local FK supplemented with diced apples left to rot in the soil for
10 days.
Bacillus Feeding
Synchronized populations of worms were cultivated on regular NGM
agar plates containing E. coli OP50 at 20C until mid-L4 stage. Then the
worms were transferred into NGM agar plates (supplemented with 2%
glucose and 0.5 mM arginine) containing WT or mutant strains of B. subtilis
CD2, or E. coli OP50. After growth at 20C for 24 hr, the adult worms
were picked manually and used in NO production and pathogen survival
assays.
Exposure to NO
Exposure of C. elegans to the NO donor MAHMA was described previously
(Gusarov et al., 2013). Briefly, a freshly prepared solution of 250 mM MAHMA
was added to freshly prepared NGM agar plates to a final concentration of
1 mM. Immediately afterward, 100 ml of an overnight bacterial culture (E. coli
OP50) was spread onto the plate, and then worms were quickly transferred
to the plate.
Detailed protocols for nematode strains, bacterial DNA extract, seq-
uencing of 16S rRNA, sequence analysis and taxonomic assignments, bac-
terial culture and isolation, RNAi, deletion of nosA in B. subtilis, infection
with pathogenic bacteria, transmission electron microscopy, real-time
qPCR, fluorescence microscopic analysis of GFP-labeled worms, western
blotting, and statistical analysis are described in Supplemental Experimental
Procedures.
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